LIQUID CRYSTAL DISPLAY DEVICE USING SEAL PATTERN AND 
FABRICATING METHOD THEREOF 



[0001] This application claims the benefit of Korean Patent Application No. 
2002-88301, filed on December 31, 2002 in Korea, which is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The invention relates to a liquid crystal display device, and more 
particularly, to a liquid crystal display device using an improved seal pattern and a 
fabricating method thereof. 

Description of the Background Art 

[0001] In general, a liquid crystal display (LCD) device utilizes the optical 
anisotropy and birefringence properties of liquid crystal molecules to display images. 
The liquid crystal display (LCD) device usually has first and second substrates spaced 
apart from and opposing each other, and a liquid crystal layer interposed therebetween. 
The first and second substrates respectively have electrodes for forming an electric 
field between the electrodes. That is, if a voltage is applied to the electrodes of the 
liquid crystal display (LCD) device, an electric field is formed between the electrodes 
and the electric field changes the alignment of the liquid crystal molecules. The 
changed alignment of the liquid crystal molecules control the light transmittance 
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through the liquid crystal layer, and thus images can be displayed by controlling the 
light transmittance through the liquid crystal layer. 

[0002] FIG. 1 is an exploded perspective view of a liquid crystal display 
(LCD) device according to the background art. As shown in FIG. 1, a liquid crystal 
display (LCD) device 1 1 has an upper substrate 5 having a black matrix 7, a color 
filter layer 8 and a common electrode 18 on the color filter layer 8, and a lower 
substrate 22 having a thin film transistor "T" and a pixel electrode 17 connected to the 
thin film transistor (TFT) "T." A liquid crystal layer 14 is interposed between the 
upper and lower substrates 5 and 22. The lower substrate 22 is referred to as an array 
substrate because array lines including a gate line 13 and a data line 15 are formed 
thereon. The gate line 13 and the data line cross each other, and the TFT "T" of a 
switching element is disposed in a matrix and connected to the gate line 13 and the 
data line 15. The gate line 13 and the data line 15 define a pixel region "P" by 
crossing each other, and the TFT *T" is formed near a crossing portion of the gate line 
13 and the data line 15. The pixel electrode 17 is formed of a transparent conductive 
material in the pixel region "P." The upper substrate 5 is referred to as a color filter 
substrate because the color filter layer 8 is formed thereon. 

[0003] The upper and lower substrates 5 and 22 are attached with a seal pattem 
(not shown) through a liquid crystal cell process. The seal pattem keeps a cell gap of 
the LCD device 11 uniform and prevents leakage of liquid crystal material injected 
into a space between the upper and lower substrates 5 and 22. The seal pattem is 
formed using a screen-printing method or a dispensing method using a sealant. The 
sealant is made of a heat curable epoxy resin or an UV (ultra violet) curable epoxy 
resin. Even though the epoxy resin itself does not damage to the liquid crystal 
material, the epoxy includes an amine that may dissolve into the liquid crystal material. 
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Accordingly, if the seal pattern is formed of a heat curable epoxy resin, a sufficient 
pre-baking step is necessary under a gradual increase of temperature after the sealant is 
printed. 

[0004] FIG 2 is a schematic plane view showing a seal pattern on an array 

substrate for a liquid crystal display device according to the background art. As shown 

in FIG 2, a seal pattern 2 formed on an array substrate 22 may be divided into two 

portions: a main seal line 2a and an auxihary seal line 2b. The main seal line 2a keeps 

the cell gap uniform and prevents leakage of the liquid crystal material. After the 

array substrate 22 and a color filter substrate (not shown) are attached, a cleaning step 

and an etching step for the attached substrates are performed. The auxiliary seal line 

2b protects the main seal line 2a from the cleaning solution and the etching solution 

used during the cleaning and etching steps. 
i 

[0005] FIG 3 is a schematic cross-sectional view, which is taken along a line 
ni-III of FIG 2, showing a thin film transistor and a seal pattem of a liquid crystal 
display device according to a first embodiment of the background art. For example, an 
inverted staggered-type switching element is used in FIG 3. 

[0006] In FIG 3, a gate line 13 (of FIG 1) and a gate electrode 32 protruding 
from the gate line 13 (of FIG 1) are formed on a lower substrate 22. The gate line 13 
(of FIG 1) and the gate electrode 32 are formed of a metallic material such as 
aluminum (Al), chromium (Cr) or molybdenum (Mo). A gate insulating layer 33 as a 
first insulating layer is formed on the gate electrode 32. The gate insulating layer 33 is 
formed of an inorganic insulating material such as silicon nitride (SiNx) or silicon 
oxide (SiOa). An active layer 36 of a semiconductor material is formed on the gate 
insulating layer 33 over the gate electrode 32. The active layer 36 has an island shape. 
Source and drain electrodes 39 and 41 are formed on the active layer 36. Even though 
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not shown in FIG 3, a data line 15 (of FIG 1) crossing the gate line 13 (of FIG 1) is 
simultaneously formed with the source and drain electrodes 39 and 41. The source 
electrode 39 is connected to the data line 15 (of FIG 1) and the drain electrode 41 is 
spaced apart from the source electrode 39. The gate electrode 32, the active layer 36, 
the source electrode 39 and the drain electrode 41 constitute a thin fihn transistor 
(TFT) "T." 

[0007] A passivation layer 35 of an organic insulating material such as 
benzocyclobutene (BCB) and/or acrylic resin is formed on the TFT "T." The 
passivation layer 35 has a drain contact hole 35a exposing the drain electrode 41. A 
pixel electrode 38 is formed on the passivation layer 35 and connects to the drain 
electrode 41 through the drain contact hole 35 a. 

[0008] The lower substrate 22 attaches to an upper substrate 5 with a seal 
pattern 2. The seal pattern 2 is disposed between a common electrode 18 of the upper 
substrate 5 and the passivation layer 35 of the lower substrate 22. Since the seal 
pattem 2 is formed from a heat curable epoxy resin, it has a poor adhesion to the 
passivation layer 35 formed from an organic material, and defects such as a 
breakdown of the seal pattem may occur. Moreover, a stain may form at a portion 
near the seal pattern 2 because the seal pattem 2 has low resistance to moisture or 
contaminants from outside the display. Further, since the area buffering stress is small, 
a thin film may peel or come off due to the stress. To improve the adhesion, a 
structure of the seal pattem according to another embodiment of the backgroxmd art 
has been suggested. 

[0009] FIG. 4 is a schematic cross-sectional view, which corresponds to a 
portion "F" of FIG. 3, showing a seal pattem of a liquid crystal display device 
according to a second embodiment of the background art. As shown in FIG. 4, a seal 
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pattern 2 having a width "W" is formed on a passivation layer 35 over a lower 
substrate 22. To improve the adhesion of the seal pattem 2, the passivation layer 35 
and a gate insulating layer 33 are formed to have a groove 37. As a result, the seal 
pattem 2 on the passivation layer 35 contacts the gate insulating layer 33 formed of an 
inorganic material through the groove 37. Since the contact area of the seal pattem 2 
and the passivation layer 35 is reduced and the seal pattem 2 contacts the gate 
insulating layer 33, the adhesion is improved. 

[0010] However, since the region for the seal pattem 2 is limited, considering 
the apertvu-e ratio of the LCD device, sufficient adhesion is not obtained using the 
stmcture of FIG. 4. To increase the contact area in a limited region, a structure of the 
seal pattem according to another embodiment of the background art has been 
suggested. 

[0011] FIG. 5 is a schematic cross-sectional view, which corresponds to a 
portion "F" of FIG, 3, showing a seal pattem of a liquid crystal display device 
according to a third embodiment of the background art. As shown in FIG. 5, a gate 
insulating layer 33 of an inorganic material and a passivation layer 35 of an organic 
material are sequentially formed on a lower substrate 22. A seal pattem 2 is formed on 
the passivation layer 35. Since the gate insulating layer 33 and the passivation layer 
35 have multiple grooves 39, the seal pattem 2 contacts the gate insulating layer 33 
through the multiple grooves 39. The adhesion of the seal pattem 2 to the gate 
insulating layer 33 is better than the adhesion to the passivation layer 35. Moreover, 
the seal pattem 2 contacts the gate insulating layer 33 not only at a bottom portion, but 
also at a side portion of each groove 39. Accordingly, as the number of the grooves 39 
increases, the total contact area also increases. As a result, the total contact area of the 
seal pattem 2 in FIG. 5 is larger than that in FIG. 4. 
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[0012] However, since the seal pattern 2 also contacts the passivation layer 35, 
a liquid crystal layer may be contaminated due to a chemical reaction between the seal 
pattern 2 and the passivation layer 35 at a contact portion "C." Furthermore, the 
chemical reaction of the seal pattem 2 and the passivation layer 35 may cause a stain 
at a portion near the seal pattem 2 according to the curing degree of the passivation 
layer 35 and the chemical resistance of the seal pattem 2 under high temperature or 
high moisture conditions. 

[0013] FIG. 6 is a photograph image showing a white stain of a liquid crystal 
display device constmcted according to the background art. As shown in FIG. 6, a 
white stain "A" has generated at a periphery of the LCD device. Contamination of the 
liquid crystal layer due to a chemical reaction between the passivation layer and the 
seal pattem probably caused the white stain "A." 

[0014] FIG. 7 is a schematic plane view showing a position of a white stain 
according to the background art. As shown in FIG. 7, multiple liquid crystal cells 
"LI" to "L4" are disposed in an original substrate and a white stain "A" occurs at an 
left lower portion of one of the first to third liquid crystal cells "LI" to "L3." 

[0015] As has been shown, the chemical reactivity of the epoxy or acrylic seals 
tends to cause staining that results in the production of low quality liquid crystal 
displays. As a result, a technology that cleanly and effectively seals liquid crystal cells 
would be a great boon to the display industry. 
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SUMMARY OF THE INVENTION 



[0016] The invention is directed to a liquid crystal display device and a 
fabricating method thereof, which substantially obviates one or more of problems due to 
limitations and disadvantages of the background art. 

[0017] An object of the invention is to provide a Uquid crystal display device, in 
which a breakdown of a seal pattern is prevented by improving the adhesion of the seal 
pattem, and a fabricating method thereof. 

[0018] Another object of the invention is to provide a liquid crystal display 
device, in which a white stain due to contamination of a Uquid crystal layer is prevented 
by shielding a seal pattem from a passivation layer of an organic material, and a 
fabricating method thereof. 

[0019] The invention, in part, pertains to a liquid crystal display device that 
includes first and second substrates facing and spaced apart from each other, a first 
inorganic insulating layer over an inner surface of the first substrate, and a seal pattem 
between the first inorganic insulating layer and an inner surface of the second substrate, 
and the seal pattem contacts the first inorganic insulating layer. 

[0020] The inventive display can have a second inorganic insulating layer on the 
inner surface of the first substrate, and an organic insulating layer between the first and 
second inorganic insulating layers. The first and second inorganic insulating layers can 
contain at least one inorganic material selected from the group consisting of silicon 
nitride (SiNx), silicon oxide (Si02) and silicon oxynitride (SiOxNy). The organic 
insulating layer can contain at least one organic material selected from the group 
consisting of benzocyclobutene (BCB), acrylic resin and methacrylic resin. 
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[0021] In the invention, the second inorganic insulating layer can have at least 
one groove through the first inorganic insulating layer and the organic insulating layer. 
The seal pattern can contact the second inorganic insulating layer through the at least 
one groove. A bottom surface of the at least one groove can be uneven. The invention 
can further have a metal layer between the first substrate and the second inorganic 
insulating layer, and the seal pattern can contact the metal layer through the at least one 
groove. The device can further have a thin film transistor including a gate electrode, an 
active layer, a source electrode and a drain electrode on the first substrate, wherein the 
metal layer is the same layer as the gate electrode. Also, the second inorganic 
insulating layer can have at least one groove through the organic insulating layer, and 
the first inorganic insulating layer can contact the second inorganic insulating layer 
through the at least one groove. Also, a metal layer can be between the organic 
insulating layer and the second inorganic insulating layer. 

[0022] The device can have at least one hole through the first inorganic 
insulating layer, and the seal pattern contacts the metal layer through the at least one 
hole. The device can further have a thin film transistor including a gate electrode, an 
active layer, a source electrode and a drain electrode on the first substrate, wherein the 
metal layer is the same layer as the source and drain electrodes. 

[0023] In another aspect of the invention, a liquid crystal display device includes 
first and second substrates facing and spaced apart from each other, a pixel layer over an 
inner surface of the first substrate, and a seal pattem between the pixel layer and an 
inner surface of the second substrate, the seal pattem contacting the pixel layer. The 
device can further have an inorganic insulating layer on the inner surface of the first 
substrate, and an organic insulating layer between the inorganic insulating layer and the 
pixel layer. The device can also have a thin film transistor on the first substrate and a 



8 



pixel electrode connected to the thin film transistor, wherein the pixel layer is the same 
layer as the pixel electrode. 

[0024] The invention, in part, pertains to a fabricating method of a liquid crystal 
display device that includes forming a thin film transistor on a first substrate forming a 
passivation layer covering the thin film transistor and including an organic material, 
forming an inorganic insulating layer on the passivation layer, forming a seal pattern 
surrounding the thin film transistor, and attaching a second substrate to the first 
substrate such that the seal pattem contacts the inorganic insulating layer and the second 
substrate. 

[0025] Li another aspect, a fabricating method of a liquid crystal display device 
includes forming a thin film transistor on a first substrate, forming a passivation layer 
covering the thin film transistor and including an organic material, forming a pixel 
electrode and a pixel layer on the passivation layer, the pixel electrode being connected 
to the thin film transistor, forming a seal pattem surroimding the thin film transistor, and 
attaching a second substrate to the first substrate such that the seal pattem contacts the 
pixel layer and the second substrate. 

[0026] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary and explanatory and are intended to 
provide further explanation of the invention as claimed. Additional features and 
advantages of the invention will be set forth in the description which follows, and in 
part will be apparent from the description, or may be leamed by practice of the 
invention. The objectives and other advantages of the invention will be realized and 
attained by the stracture particularly pointed out in the written description and claims 
hereof as well as the appended drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0027] The accompanying drawings, which are included to provide a further 
understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the description 
serve to explain the principles of the invention. 

[0028] FIG. 1 is an exploded perspective view of a liquid crystal display (LCD) 
device according to the background art. 

[0029] FIG 2 is a schematic plane view showing a seal pattern on an array 
substrate for a liquid crystal display device according to the background art. 

[0030] FIG 3 is a schematic cross-sectional view, which is taken along a line III- 
III of FIG 2, showing a thin film transistor and a seal pattern of a liquid crystal display 
device according to a first embodiment of the background art. 

[0031] FIG. 4 is a schematic cross-sectional view, which corresponds to a 
portion "F" of FIG. 3, showing a seal pattem of a liquid crystal display device according 
to a second embodiment of the background art. 

[0032] FIG. 5 is a schematic cross-sectional view, which corresponds to a 
portion "F" of FIG. 3, showing a seal pattem of a liquid crystal display device according 
to a third embodiment of the background art. 

[0033] FIG. 6 is a photograph image showing a white stain of a liquid crystal 
display device according to the background art. 

[0034] FIG. 7 is a schematic plane view showing a position of a white stain 
according to the background art. 
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[0035] FIG. 8 is a schematic cross-sectional view, which corresponds to a 
portion "F" of FIG. 3, showing a seal pattern of a liquid crystal display device according 
to a first embodiment of the invention. 

[0036] FIGs. 9A to 9E are schematic cross-sectional views, which correspond to 
a portion "F" of FIG. 3, showing a forming process of a seal pattern of a liquid crystal 
display device according to a second embodiment of the invention. 

[0037] FIGs. IDA to lOF are schematic cross-sectional views, which correspond 
to a portion "F" of FIG. 3, showing a forming process of a seal pattern of a liquid crystal 
display device according to a third embodiment of the invention. 

[0038] FIGs. 11 A to 1 ID are schematic cross-sectional views, which correspond 
to a portion "F" of FIG. 3, showing a forming process of a seal pattem of a liquid crystal 
display device according to a fourth embodiment of the invention. 

[0039] FIGs. 12A to 12E are schematic cross-sectional views, which correspond 
to a portion "F" of FIG. 3, showing a forming process of a seal pattem of a liquid crystal 
display device according to a fifth embodiment of the invention. 

[0040] FIGs. 13A to 13C are schematic cross-sectional views, which correspond 
to a portion "F" of FIG. 3, showing a forming process of a seal pattem of a liquid crystal 
display device according to a sixth embodiment of the invention. 

[0041] FIGs. 14A to 14C are schematic cross-sectional views, which correspond 
to a portion "F" of FIG. 3, showing a forming process of a seal pattem of a liquid crystal 
display device according to a seventh embodiment of the invention. 

[0042] FIG. 15 is a schematic cross-sectional view showing a seal pattem of a 
liquid crystal display device according to an eighth embodiment of the invention. 
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DETAILED DESCRIPTION 

[0043] Reference will now be made in detail to the illustrated embodiment of 
the invention, which is illustrated in the accompanying drawings. Wherever possible, 
similar reference numbers will be used throughout the drawings to refer to the same or 
like parts. 

[0044] FIG. 8 is a schematic cross-sectional view, which corresponds to a 
portion "F" of FIG. 3, showing a seal pattem of a liquid crystal display device according 
to a first embodiment of the invention. 

[0045] FIG. 8 shows a first inorganic insulating layer 20, an organic insulating 
layer 30 and a second inorganic insulating layer 40 that are sequentially formed on a 
first substrate 10 in a seal pattem region "SR.'* The first and second inorganic 
insulating layers 20 and 40 may be formed of an inorganic material such as silicon 
nitride (SiNx), silicon oxide (Si02) or silicon oxynitride (SiOxNy), while the organic 
insulating layer 30 may be formed of at least one organic material such as 
benzocyclobutene (BCB), acrylic resin or methacrylic resin. A second substrate 50 
faces and is spaced apart firom the first substrate 10, and a seal pattem 60 is formed 
between the second inorganic insulating layer 40 and the second substrate 50. The first 
and second substrates 10 and 50 are attached with the seal pattem 60. Moreover, the 
seal pattem 60 prevents leakage of the injected liquid crystals. 

[0046] Since the seal pattem 60 does not contact the organic insulating layer 30 
but does contact the second inorganic insulating layer 40, adhesion of the seal pattem 60 
is improved and a stain at a periphery "S" of the seal pattem 60 due to contamination of 
a liquid crystal layer is prevented. In a conventional art structure, since the seal pattem 
is formed on the organic insulating layer, adhesion of the seal pattem is poor and defects 
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such as breakdown of the seal pattern occurs. Moreover, the liquid crystal layer 
becomes contaminated by a chemical reaction of the seal pattern with the organic 
insulating layer, and a white stain due to the contamination of the liquid crystal layer is 
generated at a periphery of the seal pattern, hi the first embodiment of the invention, 
however, since the seal pattern 60 forms contacting the second inorganic insulating 
layer 40, adhesion of the seal pattern 60 improves, hi addition, since the second 
inorganic insulating layer 40 is formed between the seal partem 60 and the organic 
insulating layer 30, the seal pattern 60 does not contact the organic insulating layer 30 
and does not chemically react with the organic insulating layer 30. Accordingly, 
contamination of the liquid crystal layer is prevented and one observes no white stain at 
the periphery of the seal pattem 60. 

[0047] FIG. 8 does not show that the first inorganic insulating layer 20 may 
optionally be formed to be the same layer as a gate insulating layer of a thin film 
transistor (TFT) on the first substrate 10, and the organic insulating layer 30 may be 
formed to be the same layer as a passivation layer covering the TFT. 

[0048] FIGs. 9A to 9E are schematic cross-sectional views, which correspond to 
a portion "F" of FIG. 3, showing a forming process of a seal pattem of a liquid crystal 
display device according to a second embodiment of the invention. 

[0049] FIG. 9 A shows a first inorganic insulating layer 110, an organic 
insulating layer 120 and a second inorganic insulating layer 130 that are sequentially 
formed on a first substrate 100. The first and second inorganic insulating layers 110 and 
130 may be formed of an inorganic material such as siUcon nitride (SiNx) and silicon 
oxide (SiOi), and the organic insulating layer 120 may be formed of an organic material 
such as benzocyclobutene (BCB), acrylic resin, or methacrylic resins. The invention, 
however, is not restricted to the aforesaid organic and inorganic materials, and any 
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suitable material may be used to from the organic and inorganic layers. Even though 
not shown in FIG. 9A, the first inorganic insulating layer 110 may be formed to be the 
same layer as a gate insulating layer of a thin film transistor (TFT) on the first substrate 
100, and the organic insulating layer 120 may be formed to be the same layer as a 
passivation layer covering the TFT. 

[0050] A photoresist (PR) layer 140 is formed on the second inorganic 
insulating layer 130 and a mask 150 having a slit 155 is disposed over the PR layer 140 
such that the slit 155 corresponds to a seal pattern region "SR" where a seal pattern is 
formed through a subsequent process. The photoresist can be a positive or negative 
photoresist. Next, light "A" is irradiated onto the PR layer 140 through the mask 150. 
The light diffracts and interferes while passing through the slit 155, and the intensity of 
the light irradiated onto the seal pattern region "SR" is thus reduced. Accordingly, the 
PR layer 140 in the seal pattem region "SR" corresponding to the slit 155 is partially 
exposed and is not entirely removed after developing the PR layer 140. A mask having 
a semi-transmissive portion, which has a transmittance greater than 0 % and less than 
100 %, instead of the slit 155 may be optionally used in another embodiment. 

[0051] FIG. 9B shows that after a developing step, the PR layer 140 is partially 
removed in the seal pattem region "SR" corresponding to the slit 155 (of FIG. 9A) to 
leave a first groove 140a. A bottom surface of the PR layer 140 in the seal pattem 
region "SR" may have unevenness according to the width of the slit 155. When a mask 
having a transmissive portion is used in another embodiment, the PR layer 140 in the 
seal pattem region "SR" may be entirely removed to expose the second inorganic 
insulating layer 130. 
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[0052] FIG, 9C shows that the PR layer 140, the second inorganic insulating 
layer 130 and the organic insulating layer 120 may be etched through a dry etching 
method. A typical dry etching method is reactive ion etch (RIE) or plasma etch. 

[0053] FIG. 9D shows that the first inorganic insulating layer 110 may be etched 
until the PR layer 140 (of FIG. 9C) is entirely removed and a second groove 165 is 
formed through the first inorganic insulating layer 110, the organic insulating layer 120 
and the second inorganic insulating layer 130. Even though the first inorganic 
insulating layer 110 remains in the seal pattern region *'SR" corresponding to the slit 
155 (of FIG, 9 A) in this embodiment, the first inorganic insulating layer 1 10 of the seal 
pattem region "SR" may be entirely etched according to an etching condition that 
exposes the first substrate 100 through the second groove 165 in another embodiment. 

[0054] FIG. 9E shows the formation of a seal pattem 160 on the second 
inorganic insulating layer 130 in the seal pattem region "SR." The seal pattem 160 
contacts the first inorganic insulating layer 110 (or the first substrate 100 in another 
embodiment) through a second groove 165, The second groove 165 may be disposed to 
avoid a plurality of lines such as a gate line, a data line and a link line (not shown) 
crossing the seal pattem region "SR." Moreover, the second groove 165 has a width 
equal to or less than that width "W" of the seal pattem 160. A second substrate 180 is 
attached to the first substrate 100 using the seal pattem 160. 

[0055] In the second embodiment, since the most seal pattem 160 contacts the 
first and second inorganic insulating layers 110 and 130, adhesion of the seal pattem 
160 is improved. In addition, since a chemical reaction between the seal pattem 160 
and the organic insulating layer 120 is inhibited, contamination of the liquid crystal 
layer is prevented. Accordingly, a stain near the seal pattem 160 is also prevented. 
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[0056] However, even though having a small area, the seal pattern 160 contacts 
the organic insulating layer 120 at a sidewall of the second groove 165. Accordingly, a 
chemical reaction between the seal pattern 160 and the organic insulating layer 120 is 
not completely prevented. A third embodiment of the invention improves the chemical 
interaction between the seal pattern 160 and the organic insulating layer. 

[0057] FIGs. lOA to lOF Eire schematic cross-sectional views, which correspond 
to a portion "F" of FIG. 3, showing a forming process of forming a seal pattern of a 
liquid crystal display device according to a third embodiment of the invention. 

[0058] FIG. lOA shows a first inorganic insulating layer 210 and an organic 
insulating layer 220 that are sequentially formed on a first substrate 200. Even though 
not shown in FIG. lOA, the first inorganic insulating layer 210 may be formed to be the 
same layer as a gate insulating layer of a thin film transistor (TFT) on the first substrate 
200 and the organic insulating layer 220 may be formed to be the same layer as a 
passivation layer covering the TFT. The first inorganic insulating layer 210 may be 
formed of an inorganic material such as silicon nitride (SiNx), silicon oxide (Si02) or 
silicon oxynitride (SiOxNy), and the organic insulating layer 220 may be formed of an 
organic material such as benzocyclobutene (BCB), acrylic resin or methacrylic resin. 

[0059] A PR layer 240 is formed on the organic insulating layer 220 and a mask 
250 having a slit 255 is disposed over the PR layer 240 such that the slit 255 
corresponds to a seal pattem region "SR", where a seal pattern is formed through a 
subsequent process. Next, light is irradiated onto the PR layer 240 through the mask 
250. Since the light diffracts and interferes while passing through the slit 255, the 
intensity of the light irradiated onto the seal pattem region "SR" decreases. 
Accordingly, the PR layer 240 in the seal pattem region "SR" corresponding to the slit 
255 is partially exposed and is not entirely removed after developing the PR layer 240. 
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A mask having a half-transmissive portion, which has a transmittance greater than 0 % 
and less than 100 %, instead of the slit 155 may optionally be used for an exposure step 
in another embodiment. 

[0060] In FIG. lOB, after a developing step, the PR layer 240 is partially 
removed in the seal pattern region "SR" corresponding to the slit 255 (of FIG. lOA) to 
have a first groove 240a. A bottom surface of the PR layer 240 in the seal pattern 
region "SR" may have unevenness according to a width of the slit 255. When a mask 
having a transmissive portion is used in another embodiment, the PR layer 140 in the 
seal pattern region "SR" may be entirely removed to expose the organic insulating layer 
220. 

[0061] FIG. IOC shows that the PR layer 240 and the organic insulating layer 
220 may be etched through a dry etching method. The dry etching method may 
typically be reactive ion etch (RIE) or plasma etch. The PR layer 240 may have an 
etching rate similar to that of the organic insulating layer 220. 

[0062] In FIG. lOD, the first inorganic insulating layer 210 may be etched until 
the PR layer 240 (of FIG. IOC) is entirely removed, and a second groove 265 forms 
through the first inorganic insulating layer 230 and the organic insulating layer 220. 
Even though the first inorganic insulating layer 210 remains in the seal pattem region 
"SR" corresponding to the sHt 255 (of FIG. lOA) in this embodiment, the first inorganic 
insulating layer 210 of the seal pattem region "SR" may be entirely etched according to 
an etching condition that will expose the first substrate 200 through the second groove 
265 in another embodiment. / 

[0063] FIG. lOE shows a second inorganic insulating layer 230 being formed on 
the organic insulating layer 220. The second inorganic insulating layer 230 may be 
formed of an inorganic material such as silicon nitride (SiNx), silicon oxide (Si02) or 
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silicon oxynitride (SiOxNy). The second inorganic insulating layer 230 contacts the 
first inorganic insulating layer 210 (or the first substrate 200 in another embodiment) 
through the second groove 265. 

[0064] FIG. lOF shows a seal pattern 260 being formed on the second inorganic 
insulating layer 230 in the seal pattem region "SR." The second groove 265 may be 
disposed to avoid a plurality of lines such as a gate line, a data line and a link line (not 
shown) crossing the seal pattem region "SR." Moreover, the second groove 265 has a 
width equal to or less than that width "W" of the seal pattem 260. A second substrate 
280 attaches to the first substrate 200 using the seal pattem 260. 

[0065] In the third embodiment, since the seal pattem 260 contacts the second 
inorganic insulating layer 230, the adhesion of the seal pattem 260 improves. In 
addition, since the seal pattem 260 does not contact the organic insulating layer 220, the 
seal pattem 260 does not chemically react with the organic insulating layer 220. 
Accordingly, contamination of a liquid crystal layer is prevented and a stain near the 
seal pattem 260 is not observed in an LCD device. 

[0066] FIGs. 11 A to IID show schematic cross-sectional views, which 
correspond to a portion "F" of FIG. 3, depicting a forming process of a seal pattem of a 
liquid crystal display device according to a fourth embodiment of the invention. 

[0067] FIG. IIA shows a first inorganic insulating layer 310, an organic 
insulating layer 320 and a second inorganic insulating layer 330 that are sequentially 
formed on a first substrate 300. The first and second inorganic insulating layers 310 and 
330 may be formed of an inorganic material such as silicon nitride (SiNx), silicon oxide 
(Si02) or silicon oxynitride (SiOxNy), and the organic insulating layer 320 may be 
formed of an organic material such as benzocyclobutene (BCB), acrylic resin or 
methacrylic resin. Even though not shown in FIG. 11 A, the first inorganic insulating 
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layer 310 may be formed to be the same layer as a gate insulating layer of a thin film 
transistor (TFT) on the first substrate 300, and the organic insulating layer 320 may be 
formed to be the same layer as a passivation layer covering the TFT. 

[0068] A PR layer 340 having multiple first grooves 340a is formed on the 
second inorganic insulating layer 330 through a photolithographic process. Even 
though not shown in FIG. 11 A, after a mask having a slit or a half-transmissive portion 
is disposed over the PR layer 340 such that the slit or the half-transmissive portion 
corresponds to a seal pattern region "SR" (where the seal pattern is formed through a 
subsequent process), light is irradiated onto the PR layer 340 through the mask, and 
then the PR layer 340 is developed to form the multiple first grooves 340a. The PR 
layer 340 in the plurality of first grooves 340a may be entirely removed to expose the 
second inorganic insulating layer 330 in another embodiment. A bottom surface of the 
PR layer 340 in the multiple first grooves 340a may have unevenness according to the 
width of the slit. 

[0069] In FIG. IIB, the PR layer 340, the second inorganic insulating layer 330 
and the organic insulating layer 320 may be etched through a dry etching method. The 
dry etching method may be reactive ion etch (RIE) or plasma etch, but is not restricted 
to these methods, and any appropriate dry etching method can be used. 

[0070] FIG. lie shows that the first inorganic insulating layer 310 may be 
etched until the PR layer 340 (of FIG. IIB) is entirely removed and multiple second 
grooves 365 are formed through the first inorganic insulating layer 310, the organic 
insulating layer 320 and the second inorganic insulating layer 330. Even though the 
first inorganic insulating layer 310 remains corresponding to the multiple second 
grooves 365 in this embodiment, the first inorganic insulating layer 310 corresponding 
to the plurality of second grooves 365 may be entirely removed according to an etching 
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condition that exposes the first substrate 300 in accordance with another embodiment 
of the invention. 

[0071] FIG. IID shows the formation of a seal pattern 360 on the second 
inorganic insulating layer 330 in the seal pattem region "SR". The seal pattern 360 
contacts the first inorganic insulating layer 310 (or the first substrate 300 in another 
embodiment) through the multiple second grooves 365. The multiple second grooves 
365 may be disposed to avoid multiple lines, such as a gate line, a data line and a link 
line (not shown), crossing the seal pattem region "SR." Moreover, the seal pattem 360 
has a width "W" to cover the multiple second grooves 365. A second substrate 380 is 
attached to the first substrate 300 using the seal pattem 360. 

[0072] In the fourth embodiment, since most of the seal pattem 360 contacts the 
first and second inorganic insulating layers 310 and 330, adhesion of the seal pattem 
360 improves. Moreover, since the seal pattem 360 contacts the first inorganic 
insulating layer 310, the organic insulating layer 320 and the second inorganic 
insulating layer 330 at sidewalls of the plurality of second grooves 365, the total contact 
area of the seal pattem 360 increases. Therefore, the adhesion of the seal pattem 360 
fiirther improves. In addition, since a chemical reaction between the seal pattem 360 
and the organic insulating layer 320 is restrained, contamination of the liquid crystal 
layer is prevented. Accordingly, a stain near the seal pattem 360 is also prevented. 

[0073] However, since the seal pattem 360 contacts the organic insulating layer 
320 at sidewalls of the multiple second grooves 365, a chemical reaction between the 
seal pattem 360 and the organic insulating layer 320 is not completely prevented. A 
fifth embodiment for preventing a chemical reaction between the seal pattem 360 and 
the organic insulating layer 320 is illustrated. 
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[0074] FIGs. 12A to 12E are schematic cross-sectional views, which 
correspond to a portion "F" of FIG. 3, showing a forming process of a seal pattern of a 
liquid crystal display device according to a fifth embodiment of the invention. 

[0075] FIG. 12A shows a first inorganic insulating layer 410 and an organic 
insulating layer 420 that are sequentially formed on a first substrate 400. Even though 
not shown in FIG. 12 A, the first inorganic insulating layer 210 may optionally be 
formed to be the same layer as a gate insulating layer of a thin film transistor (TFT) on 
the first substrate 400, and the organic insulating layer 420 may optionally be formed to 
be the same layer as a passivation layer covering the TFT. The first inorganic insulating 
layer 410 may be formed of an inorganic material such as silicon nitride (SiNx), silicon 
oxide (Si02) or silicon oxynitride (SiOxNy), and the organic insulating layer 420 may be 
formed of an organic material such as benzocyclobutene (BCB), acrylic resin or 
methacrylic resin. 

[0076] A PR layer 440 having multiple first grooves 440a is formed on the 
organic insulating layer 420 through a photolithographic process. Even though not 
shown in FIG. 12 A, after a mask having a slit or a half-transmissive portion is disposed 
over the PR layer 440 (such that the slit or the half-transmissive portion corresponds to 
a seal pattern region "SR", where the seal pattern is formed through a subsequent 
process), Hght is irradiated onto the PR layer 440 through the mask. Then the PR layer 
440 is developed to form multiple first grooves 440a. The PR layer 440 in the multiple 
first grooves 440a may be entirely removed to expose the organic insulating layer 420 in 
another embodiment. A bottom surface of the PR layer 440 in the multiple first grooves 
440a may have unevenness according to a width of the slit. 
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[0077] In FIG. 12B, the PR layer 440 and the organic insulating layer 420 may 
be etched through a dry etching method. Typical dry etching methods include reactive 
ion etch (RIE) or plasma etch. 

[0078] FIG. 12C shows that the first inorganic insulating layer 410 may be 
etched until the PR layer 440 (of FIG. 12B) is entirely removed, and multiple second 
grooves 465 form through the first inorganic insulating layer 410 and the organic 
insulating layer 420. Even though the first inorganic insulating layer 410 remains 
corresponding to the multiple second grooves 465 in this embodiment, the first 
inorganic insulating layer 410 corresponding to the multiple second grooves 465 may be 
entirely removed according to an etching condition that exposes the first substrate 400 
in another embodiment. 

[0079] FIG. 12D shows a second inorganic insulating layer 430 being formed on 
the organic insulating layer 420. The second inorganic insulating layer 430 may be 
formed of an inorganic material such as silicon nitride (SiNx), silicon oxide (SiOa) or 
silicon oxynitride (SiOxNy). The second inorganic insulating layer 430 contacts the first 
inorganic insulating layer 410 (or the first substrate 400 in another embodiment) 
through the multiple second grooves 465. 

[0080] FIG. 12E shows a seal pattern 460 being formed on the second inorganic 
insulating layer 430 in the seal pattern region "SR." The second grooves 465 may be 
disposed to avoid multiple lines such as a gate line, a data line and a link line (not 
shown) fi-om crossing the seal pattem region "SR." Moreover, the seal pattern 460 has a 
width "W" that covers the multiple second grooves 465. A second substrate 480 
attaches to the first substrate 400 using the seal pattem 460. 

[0081] In the fifth embodiment, since the seal pattem 460 contacts the second 
inorganic insulating layer 430, the adhesion of the seal pattem 460 is improved. 
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Moreover, since the seal pattern 460 contacts the second inorganic insulating layer 430 
at sidewalls of the multiple second grooves 465, the total contact cirea of the seal pattern 
460 increases. Therefore, the adhesion of the seal pattern 460 further improves. In 
addition, since the seal pattem 460 does not contact the organic insulating layer 420, the 
seal pattem 460 does not chemically react with the organic insulating layer 420. 
Accordingly, contamination of a liquid crystal layer is prevented, and a stain near the 
seal pattem 460 is not observed in the LCD device. 

[0082] FIGs. 13 A to 13C are schematic cross-sectional views, which correspond 
to a portion "F" of FIG. 3, showing a forming process of a seal pattem of a liquid crystal 
display device according to a sixth embodiment of the invention. 

[0083] FIG. 13A shows a metal layer 505 having an island shape that is formed 
on a first substrate 500. With reference to FIG. 3, the metal layer 505 may be formed to 
be the same layer as a gate electrode of a thin film transistor (TFT) on the first substrate 
500 without additional depositing and patterning steps. A first inorganic insulating 
layer 510, an organic insulating layer 520 and a second inorganic insulating layer 530 
are sequentially formed on the metal layer 505. Even though not shown in FIG. 13 A, 
the first inorganic insulating layer 510 may be formed to be the same layer as the gate 
insulating layer of the TFT, and the organic insulating layer 520 may be formed to be 
the same layer as the passivation layer covering the TFT. The first inorganic insulating 
layer 510 may be formed of an inorganic material such as silicon nitride (SiNx), silicon 
oxide (Si02) or silicon oxynitride (SiOxNy), and the organic insulating layer 520 may be 
formed of an organic material such as benzocyclobutene (BCB), acrylic resin or 
methacrylic resin. 

[0084] A PR layer 540 having multiple first grooves 540a is formed on the 
second inorganic insulating layer 530 through a photolithographic process. Even 
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though not shown in FIG. 13 A, after a mask having a slit or a half-transmissive portion 
is disposed over the PR layer 540, such that the slit or the half-transmissive portion 
corresponds to a seal pattem region "SR** (where the seal pattern is formed through a 
subsequent process), light is irradiated onto the PR layer 540 through the mask. Then 
the PR layer 540 is developed to form the multiple first grooves 540a. The PR layer 
540 in the multiple first grooves 540a may be entirely removed to expose the second 
inorganic insulating layer 530 in another embodiment. A bottom surface of the PR 
layer 540 in the multiple first grooves 540a may have unevenness according to the 
width of the slit. 

[0085] FIG. 13B shows that the PR layer 540 (of FIG. 13 A), the second 
inorganic insulating layer 530, the organic insulating layer 520 and the first inorganic 
insulating layer 510 may be etched using a dry etching method until the PR layer 540 
(of FIG. 13 A) is entirely removed, and multiple second grooves 565 are formed through 
the first inorganic insulating layer 510, the organic insulating layer 520 and the second 
inorganic insulating layer 530. The metal layer 505 is exposed through the multiple 
second grooves 565. Even though the gate insulating layer is formed of an inorganic 
material in the sixth embodiment, the gate insulating layer is not restricted to inorganic 
materials and may be made of an organic material. 

[0086] FIG. 13C shows a seal pattem 560 being formed on the second inorganic 
insulating layer 530 in the seal pattem region "SR." The seal pattem 560 contacts the 
metal layer 505 through the multiple second grooves 565. The multiple second grooves 
565 may be disposed so as to avoid multiple lines such as a gate line, a data line and a 
link line (not shown) crossing the seal pattem region "SR." Moreover, the seal pattem 
560 has a width "W" to cover the multiple second grooves 565. A second substrate 580 
attaches to the first substrate 500 using the seal pattem 560. 
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[0087] In the sixth embodiment, the most seal pattern 560 contacts the metal 
layer 505 and the second inorgetnic insulating layer 530. The metal layer 505 may also 
be formed to be the same layer as a gate electrode of a TFT. Since adhesion of the seal 
pattem 560 and the metal layer 505 is better than that of the seal pattem 560 and the 
organic insulating layer 520, the adhesion of the seal pattem 560 improves without an 
additional photolithographic process. Moreover, since the seal pattem 560 contacts the 
first inorganic insulating layer 510, the organic insulating layer 520 and the second 
inorganic insulating layer 530 at sidewalls of the multiple second grooves 565, the total 
contact area of the seal pattem 560 increases. The adhesion of the seal pattem 560 is 
therefore further improved. In addition, since a chemical reaction of the seal pattem 
560 and the organic insulating layer 520 is restrained, contamination of the liquid 
crystal layer is prevented. As a result, a stain near the seal pattem 560 is also prevented. 

[0088] FIGs. 14A to 14C are schematic cross-sectional views, which correspond 
to a portion "F" of FIG. 3, showing a forming process of a seial pattem of a liquid crystal 
display device according to a seventh embodiment of the invention. 

[0089] FIG. 14A shows a first inorganic insulating layer 610 being formed on a 
first substrate 600 and a metal layer 615 having an island shape being formed on the 
first inorganic insulating layer 610. With reference to FIG. 3, the metal layer 615 may 
be formed to be the same layer as source and drain electrodes of a thin film transistor 
(TFT) on the first substrate 600 without additional depositing and patteming steps. An 
organic insulating layer 620 and a second inorganic insulating layer 630 are sequentially 
formed on the metal layer 615. Even though not shown in FIG. 14A, the first inorganic 
insulating layer 610 may be formed to be the same layer as the gate insulating layer of 
the TFT, and the organic insulating layer 620 may be formed to be the same layer as the 
passivation layer covering the TFT. The first inorganic insulating layer 610 may be 
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formed of an inorganic material such as silicon nitride (SiNx), silicon oxide (Si02) or 
silicon oxynitride (SiOxNy), and the organic insulating layer 620 may be formed of an 
organic material such as benzocyclobutene (BCB), acrylic resin or methacrylic resin. 

[0090] A PR layer 640 having multiple first grooves 640a is formed on the 
second inorganic insulating layer 630 through a photolithographic process. Even 
though not shown in FIG. 14A, after a mask having a sUt or a half-transmissive portion 
is disposed over the PR layer 640 such that the slit or the half-transmissive portion 
corresponds to a seal pattern region "SR" (where the seal pattern is formed through a 
subsequent process), light is irradiated onto the PR layer 640 through the mask. Then 
the PR layer 640 is developed to form the plurality of first grooves 640a. The PR layer 
640 in the multiple first grooves 640a may optionally be entirely removed to expose the 
second inorganic insulating layer 630. A bottom surface of the PR layer 640 in the 
plurality of first grooves 640a may have unevenness according to the width of the slit. 

[0091] FIG. 14B shows that the PR layer 640 (of FIG. 14A), the second 
inorganic insulating layer 630 and the organic insulating layer 620 may be etched using 
a dry etching method until the PR layer 640 (of FIG. 14 A) is entirely removed and 
multiple second grooves 665 are formed through the organic insulating layer 620 and 
the second inorganic insulating layer 630. The metal layer 615 is exposed through the 
multiple second grooves 665. Even though the gate insulating layer is formed of an 
inorganic material in the seventh embodiment, the gate insulating layer may also be 
made of an organic material, 

[0092] FIG. 14C shows a seal pattem 660 that is formed on the second inorganic 
insulating layer 630 in the seal pattem region "SR." The seal pattem 660 contacts the 
metal layer 615 through the multiple second grooves 665. The multiple second grooves 
665 may be disposed to avoid multiple lines such as a gate line, a data line and a link 
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line (not shown) crossing the seal pattern region "SR." Moreover, the seal pattern 660 
has a width "W" sufficient to cover the plurality of second grooves 665. A second 
substrate 680 attaches to the first substrate 600 using the seal pattern 660. 

[0093] In the seventh embodiment, most of the seal pattern 660 contacts the 
metal layer 615 and the second inorganic insulating layer 630. The metal layer 615 may 
also be formed to be the same layer as source and drain electrodes of a TFT. Since 
adhesion of the seal pattem 660 and the metal layer 615 is better than that of the seal 
pattem 660 and the organic insulating layer 620, the adhesion of the seal pattem 660 
improves without an additional photolithographic process. Moreover, since the seal 
pattem 660 contacts the organic insulating layer 620 and the second inorganic insulating 
layer 630 at sidewalls of the multiple second grooves 665, the total contact area of the 
seal pattem 660 increases. The adhesion of the seal pattem 660 is therefore fiirther 
improved. In addition, since a chemical reaction of the seal pattem 660 and the organic 
insulating layer 620 is restrained or inhibited, contamination of the liquid crystal layer is 
prevented. As a result, a stain near the seal pattem 660 is also prevented. 

[0094] FIG. 15 shows a schematic cross-sectional view depicting a seal pattem 
of a liquid crystal display device according to an eighth embodiment of the invention. 

[0095] FIG. 15 shows an inorganic insulating layer 710 being formed on a first 
substrate 700 in a seal pattem region "SR," and an organic insulating layer 720 is 
formed on the inorganic insulating layer 710. A pixel layer 725 having an island shape 
is formed on the organic insulating layer 720. With reference to FIG. 3, the pixel layer 
725 may be formed to be the same layer as a pixel electrode of a thin film transistor 
(TFT) on the first substrate 700 without additional depositing and patteming steps. In a 
transmissive type LCD device, the pixel layer 725 may be formed of a transparent 
conductive material such as indium-tin-oxide (ITO) or indium-zinc-oxide (IZO). In a 
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reflective type LCD device, the pixel layer 725 may be formed of a metallic material 
such as aluminum alloy. The inorganic insulating layer 710 may be formed to be the 
same layer as a gate insulating layer of the TFT, and the organic insulating layer 720 
may be formed to be the same layer as a passivation layer covering the TFT, A seal 
pattem 760 is formed on the pixel layer 725, A second substrate 780 attaches to the first 
substrate 700 using the seal pattem 760. 

[0096] The seal pattem 760 does not contact the organic insulating layer 720 but 
contacts the pixel layer 725, and the adhesion between the seal pattem 760 and the pixel 
layer 725 is better than that between the seal pattem 760 and the organic insulating layer 
720. Accordingly, the adhesion of the seal pattem 760 is improved. Moreover, since 
the seal pattem 760 does not chemically react to the organic insulating layer 720, the 
liquid crystal layer is not contaminated and a stain at a periphery of the seal pattem 760 
due to contamination of the liquid crystal layer is prevented. 

[0097] Li the invention, the contact portion of the seal pattem and the organic 
insulating layer is reduced or eliminated, and the seal pattem contacts the other layer 
that has an excellent contact property. Accordingly, the adhesion of the seal pattem is 
improved such that defects such as a breakdown of the seal pattem are prevented. 
Moreover, defects such as a stain at the periphery of the seal pattem due to 
contamination of a liquid crystal layer is prevented. 

[0098] While the invention has been particularly shown and described with 
reference to an illustrated embodiment thereof, it will be understood by those skilled in 
the art that the foregoing and other changes in form and details may be made therein 
without departing fi-om the spirit and scope of the invention. 
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